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INHIBITION OF HISTONE
ACETYLTRANSFERASES BY CTK7A AND
METHODS THEREOF

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a method for inhib-
iting histone acetyltransferases by derivative of curcumin,
particularly CTK7A. The present disclosure also relates to
identification of induction of autoacetylation of p300 and its
inhibition by CTK7A. The disclosure also relates to induction
of NPM1 and GAPDH overexpression and corresponding
hyperacetylation of histone and methods thereof.

BACKGROUND AND PRIOR ART OF THE
DISCLOSURE

[0002] Oral cancer is one of the most common types of
human cancer, with an annual incidence of 274,000 cases
world wide'. Tobacco use and alcohol intake are the major
risk factors for the development of oral cancer. However, the
exact mechanism by which tobacco carcinogen and alcohol
induces transformation and malignant progression of the epi-
thelial cells in oral cancer is not well understood?.

[0003] The past one decade has seen rapidly increasing
evidences suggesting the pivotal role of chromatin structure-
function in several disease manifestations®*. This is evident
from the fact that genetic alterations and/or a more diverse
group of epigenetic changes may result in disease pathogen-
esis®>***1° Chromatin being a dynamic entity plays a critical
role in all the nuclear related phenomenon like transcription,
repair and replication etc.'’"*2. Post translational modifica-
tions of chromatin play an important role in maintaining
chromatin structure-function and hence regulate gene expres-
sion, cell growth and differentiation. It has been suggested
that perturbation of the transcriptional state of a cell can lead
to developmental defects'?. Further it has also been shown
that dysfunction of different chromatin components and
covalent modifications of histones can lead to disease patho-
genesis>* 1314,

[0004] Reversible histone acetylation is one of the well
characterized epigenetic modifications and is catalyzed by
histone acetyltrasnferases (HATs) and histone deacetylases
(HDACSs), which affect the acetylation of histone and non-
histone proteins thereby playing significant role in the down
stream biological functions'®'”. Altered HAT and HDAC
activity are now known to play important role in several
diseases including Cancer’*>'*>'®'?_ The histone acetyltrans-
ferase, p300 is a global transcriptional coactivator and is a
major HAT in the cell*®. High levels of p300 has been
observed in some tumors>'***. Further, mutations in p300
acetyltransferase were found in primary tumors and cell
lines*. Similarly, loss of heterozygocity at the p300 locus is
associated with the colorectal, breast cancer and with brain
cancer (gliobastoma)'?**. Although these data indicate the
involvement of CBP, p300 and PCAF genes, HAT activities of
these acetyltransferases have not been established as the
cause of the malignancy'®.

[0005] Recently, alteration of histone modifications in dif-
ferent cancers have been reported. The loss of Lys 16 acety-
lation and Lys 20 methylation of H4 are found to be associ-
ated with primary tumors and tumor cell lines®. In another
study, changes in bulk histone modifications of cancer cells
were found to be predictive of clinical out come in prostate
cancer’. However, with a rare exception, hyperacetylation of
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histones has been observed in hepatocellular carcinoma®®.
Apart from cancer, dysfunction of lysine acetyltransferases
have been implicated in other diseases: inflammatory pro-
cesses, Huntington disease, cardiac disease, diabetes and
AIDS?%-28 These observations suggest that specific and rela-
tively non-toxic inhibitors of acetyltransferases could be con-
sidered as new generation therapeutic agents, specially, for
cancer. Recently, several HAT inhibitors have been discov-
ered">*°, which have been shown to possess, potential clini-
cal impact in cancer, HIV and cardiac disease®*-*°->2, How-
ever, effect of HAT inhibitor in cancer manifestation has not
been tested yet.

[0006] Cancer is marked by hyperproliferative cells which
have evaded the apoptotic machinery of the cells and hence
have overexpression of antiapoptotic proteins. NPM1 (also
known as B23)** and GAPDH>**® are two of those genes
which are known to get frequently up-regulated in many
cancers. Both of these proteins are suggested to be positive
regulators of cell proliferation.

STATEMENT OF THE DISCLOSURE

[0007] Accordingly, the present disclosure relates to a
method of inhibiting histoneacetyltransferase (HAT) by
Sodium  4-(3,5-bis(3-methoxy-5-oxidostyryl)-4,5dihydro-
1H-pyrazole-1-yl)benzoate (CTK7A), said method compris-
ing step of incubating the HAT with CTK7A; a method for
identifying hyperacetylation of histone in oral squamous cell
carcinoma, said method comprising steps of: (a) isolating
histone from KB cells and subjecting the histone to immuno-
histochemistry analysis with anti-acetylated H3 antibody,
and (b) performing western blotting to identify hyperacety-
lation of histone in oral squamous cell carcinoma; a method of
treating cancer, said method comprising step of administering
therapeutically acceptable amount of CTK7A, optionally
along with pharmaceutically acceptable excipients to a sub-
ject in need thereof;

[0008] a method for identifying induction of autoacetyla-
tion of p300 by Nucleophosmin (NPM1), said method com-
prising steps of: (a) incubating full length radio-labeled p300
in HAT assay buffer in presence of NPM1, followed by addi-
tion of [*°H] acetyl CoA, and (b) identifying autoacetylation of
p300 by fluorography and autoradiography; a method of
inhibiting autoacetylation of p300 by Sodium 4-(3,5-bis(3-
methoxy-5-oxidostyryl)-4,5dihydro-1H-pyrazole-1-yl)ben-

zoate (CTK7A), said method comprising steps of: (a) reacting
and incubating full length radio-labeled p300 with predeter-
mined concentrations of CTK7 A, optionally along with cock-
tail of HDAC inhibitors, and (b) performing filter binding
assay and identifying inhibition of autoacetylation of p300 by
fluorography and autoradiography; and a method of identify-
ing induction of NPM1 and GAPDH overexpression by Nitric
Oxide (NO) resulting in hyperacetylation of histone, said
method comprising steps of: (a) treating KB cells with S-ni-
troso-glutathione (GSNO) for about 24 hrs, followed by lys-
ing of the cells to obtain cell lysates, (b) immunoprecipitating
the cell lysates with anti-acetyl lysine antibody and analyzing
the immunoprecipitate by western blotting with an anti-
NPM1 and anti-GAPDH antibodies, and (c) simultaneously
subjecting histones from the treated cells to western blotting
with anti-acetylated H3K 14 antibody, for identification of the
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NO induced overexpression of NPM1 and GAPDH resulting
in hyperacetylation of histone.

BRIEF DESCRIPTION OF THE
ACCOMPANYING FIGURES
[0009] FIG. 1: Shows histones are hyperacetylated in KB
cells.
[0010] FIG. 2a: Shows Immunohistochemical detection of

histone acetylation and expression of different proteins in oral
cancer samples.

[0011] FIG. 25: Shows western blotting analysis to com-
pare the protein levels and acetylation status of histone H3 in
tumor and respective adjacent normal tissue of the different
patient samples (left panel) and Quantification of respective
bands (right panel)

[0012] FIG. 3a: Shows immunohistochemical detection of
iNOS and COX-2 expression in human oral cancer.

[0013] FIG. 3b: Shows GSNO induce expression of NPM1
and GAPDH. Cells were treated with indicated concentration
of GSNO for 24 h.

[0014] FIG. 3¢: Shows that KB cells were grown in pres-
ence of 200 uM GSNO or GSH for 24 h. Cell lysates were
immunoprecipitated with anti-acetyl lysine antibody and the
immunoprecipitate were analysed by western blotting with an
anti-NPM1 (left panel) and anti-GAPDH (right panel) anti-
bodies.

[0015] FIG. 3d: Shows IFNy treatment enhances acetyla-
tion of NPM1 and GAPDH which is abolished by the iNOS
inhibitor 1400 W (100 puM).

[0016] FIG. 3e: Shows GAPDH translocates to the nucleus
of KB cells after exposure to IFNy. KB cells were treated with
IFNy (10 ng mI™") for 16 h and stained with anti-GAPDH
antibodies (green) and DAPI (blue).

[0017] FIG. 3f: Left panel shows autoacetylation of p300fl
was examined with *H-acetyl CoA in presence or absence of
NPM1. GAPDH (600 ng) was used as a positive control.
Right panel shows NPM1 enhances the p300 autoacetylation
in concentration dependent manner.

[0018] FIG. 3g: Shows that NO caused the hyperacetyla-
tion of Histone H3K14. Histones were isolated from the
GSNO treated KB cells and subjected to western blotting
with anti-acetylated H3K 14 antibody.

[0019] FIG. 4a: Shows structural formula of CTK7A
[0020] FIG. 4b: Shows Inhibition curves for various recom-
binant HATs, HMTs and HDACs.

[0021] FIG. 4¢: Shows that CTK7A is a non-competitive
inhibitor of p300. Lineweaver-Burk plots for effect of
CTK7A on p300 mediated acetylation of highly perified
HeLa core histones. Filter binding assays were performed in
the presence and absence of 30 and 50 uM CTK7A with
different substrate concentrations.

[0022] FIG. 4d (A): Shows CTK7A inhibits autoacetyla-
tion of full length p300 in vitro. Autoacetylation assays were
performed using p300fl in the absence and in the presence of
*H-acetyl CoA with indicated concentration of CTK7A. FIG.
4g:

[0023] FIG. 4d (B): Shows the inhibitory effect of cur-
cumin on p300 activity by Filter binding histone acetyltrans-
ferase (HAT) assay.

[0024] FIG. 4d (C): Shows the inhibitory effect of CTK7A
on p300 activity by Filter binding histone acetyltransferase
(HAT) assay.

[0025] FIG. 4e (A): Shows CTK7A inhibits PCAF
autoacetylation in vitro.
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[0026] FIG. 4e (B): Shows the inhibitory effect of curcumin
on PCAF activity by Filter binding histone acetyltransferase
(HAT) assay.
[0027] FIG. 4e (C): Shows the inhibitory effect of CTK7A
on PCAF activity by Filter binding histone acetyltransferase
(HAT) assay.

[0028] FIG. 4f; Shows CTK7A inhibits p300 autoacetyla-
tion in vivo

[0029] FIG. 4g: Shows CTK7A inhibits histone acetylation
in KB cells.

[0030] FIG. 5a: Shows CTK7A inhibits the growth of KB
cells.

[0031] FIG. 54: Shows CTK7A inhibits wound healing.
[0032] FIG. 5¢: Shows CTK7A induces polyploidy in KB
cells.

[0033] FIG. 5d: Shows CTK7A induces Senescence-asso-

ciated (-gal expression (SA-f3-gal) in KB cells.

[0034] FIG. 5e: Shows CTK7A affects cell cycle progres-
sion by inhibiting cyclinE expression.

[0035] FIG. 5f Shows CTK7A inhibits the H3 acetylation
at cyclinE promoter.

[0036] FIG. 6a: Shows the nude mice carrying the KB cell
xenografts were treated with phosphate buffered saline (con-
trol) or with CTK7A intraperitonially with 100 mg/Kg body
weight/twice a day. One-way ANOVA revealed that tumor
sizes were significantly different (p<0.05).

[0037] FIG. 65: Shows CTK7A inhibits histone acetylation
in nude mice. KB cell tumors from control and CTK7A
treated mice were used for immunohistochemical detection
with indicated antibodies. Arrow mark in GAPDH IHC indi-
cates the nuclear localization of GAPDH while it is absent in
CTKT7A treated tumor.

[0038] FIG. 6c: Shows that KB cell tumors from control
and CTK7A treated mice were used for immunohistochemi-
cal detection with indicated antibody

[0039] FIG. 7: Shows Putative epigenetic signaling path-
way which cause hyperacetylation of histone and nonhistone
proteins.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0040] The present disclosure is related to a method of
inhibiting histone acetyltransferase (HAT) by Sodium 4-(3,
5-bis(3-methoxy-5-oxidostyryl)-4,5dihydro-1H-pyrazole-1-
yl)benzoate (CTK7A), said method comprising step of incu-
bating the HAT with CTK7A.

[0041] Inanother embodiment ofthe disclosure, in the said
method HAT is selected from a group comprising p300/CBP
(CREB binding protein) and PCAF (P300/CBP Associated
factor) or a combination thereof.

[0042] Inyet another embodiment of the disclosure, in the
said method HAT inhibitory concentration of the CTK7A
ranges from about 25 uM to about 200 pM, preferably about
40 puM to about 80 M.

[0043] Thepresentdisclosureis also related to a method for
identifying hyperacetylation of histone in oral squamous cell
carcinoma, said method comprising steps of:

[0044] a. isolating histone from KB cells and subjecting
the histone to immunohistochemistry analysis with anti-
acetylated H3 antibody, and

[0045] b. performing western blotting to identify hyper-
acetylation of histone in oral squamous cell carcinoma.
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[0046] In another embodiment of the disclosure, in the said
method, the anti-acetylated H3 antibody is selected from a
group comprising anti-H3 AcK 14 antibody and anti-H3 AcK9
antibody.

[0047] The present disclosure is also related to a method of
treating cancer, said method comprising step of administering
therapeutically acceptable amount of CTK7A, optionally
along with pharmaceutically acceptable excipients to a sub-
ject in need thereof.

[0048] In another embodiment of the disclosure, in the said
method, the CTK7A inhibits acetyltransferase activity of
HATs and thereby inhibits hyperacetylation of histones.
[0049] In yet another embodiment of the disclosure, in the
said method, the route of administration is intraperitonial.
[0050] Instill another embodiment of the disclosure, in the
said method, the CTK7A reduces tumor size of the cancer by
about 50%.

[0051] In still another embodiment of the disclosure, in the
said method, the CTK7A induces polyploidy in cancer cells
to induce senescence like growth arrest.

[0052] In still another embodiment of the disclosure, in the
said method, the cancer is oral squamous cell carcinoma.
[0053] Instill another embodiment of the disclosure, in the
said method, the CTK7A is further administered along with
an epigenetic drug target molecule or pharmaceutically
acceptable chemotherapeutic or a combination thereof.
[0054] Thepresent disclosure is also related to amethod for
identifying induction of autoacetylation of p300 by
Nucleophosmin (NPM1), said method comprising steps of:

[0055] a. incubating full length radio-labeled p300 in
HAT assay buffer in presence of NPM 1, followed by
addition of [*H] acetyl CoA, and

[0056] b.identifying autoacetylation of p300 by fluorog-
raphy and autoradiography.

[0057] Inanother embodiment of the disclosure, in the said
method, the induction of autoacetylation of p300 by NPM1 is
stimulated by IFNy dependent NO synthesis.

[0058] The present disclosure is also related to a method of
inhibiting autoacetylation of p300 by Sodium 4-(3,5-bis(3-
methoxy-5-oxidostyryl)-4,5dihydro-1H-pyrazole-1-yl)ben-
zoate (CTK7A), said method comprising steps of:

[0059] a. reacting and incubating full length radio-la-
beled p300 with predetermined concentrations of
CTK7A, optionally along with cocktail of HDAC inhibi-
tors, and

[0060] b. performing filter binding assay and identifying
inhibition of autoacetylation of p300 by fluorography
and autoradiography.

[0061] The present disclosure is also related to a method of
identifying induction of NPM1 and GAPDH overexpression
by Nitric Oxide (NO) resulting in hyperacetylation of histone,
said method comprising steps of:

[0062] a. treating KB cells with S-nitroso-glutathione
(GSNO) for about 24 hrs, followed by lysing of the cells
to obtain cell lysates,

[0063] b. immunoprecipitating the cell lysates with anti-
acetyl lysine antibody and analyzing the immunopre-
cipitate by western blotting with an anti-NPM1 and anti-
GAPDH antibodies, and

[0064] c. simultaneously subjecting histones from the
treated cells to western blotting with anti-acetylated
H3K 14 antibody, for identification of the NO induced
overexpression of NPM1 and GAPDH resulting in
hyperacetylation of histone.
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[0065] Inanother embodiment ofthe disclosure, in the said
method, the NO synthesis is controlled by IFNy, and wherein
NO induced overexpression of the NPM1 induces autoacety-
lation of p300 and thereby stimulates hyperacetylation of the
histone.

[0066] In yet another embodiment of the disclosure, in the
said method, the GSNO is an active donor of Nitric Oxide for
the induction of overexpression of NPM1 and GAPDH.

[0067] Altered histone acetylation pattern is associated
with several diseases including cancer. Dysfunction of his-
tone deacetylases (HDACs) and the consequent hypoacetyla-
tion of histone as well as nonhistone proteins have been
causally related to cancer manifestation. Unlike most of the
cancers, the present disclosure reports that histones are found
to be highly hyperacetylated in oral cancer patient samples.
Mechanistically, overexperssion as well as enhanced
autoacetylation of p300 induced by NPM1 and GAPDH
causes the hyperacetylation, which is nitric oxide (NO) signal
dependent. Inhibition of the acetyltransferase activity (HAT)
of p300 by a newly synthesized, water soluble, small mol-
ecule inhibitor could substantially retards/inhibits the
xenografted oral tumor growth in mice. These results, there-
fore, not only establish a new epigenetic target for oral cancer
but also put forward a HAT inhibitor as potential therapeutic
molecule.

[0068] The present disclosure shows that histone (H3) is
hyperacetylated in oral cancer patient samples and is posi-
tively correlated to the upregulated NPM1 and GAPDH pro-
tein levels. The disclosure also presents a mechanism to
explain how hyperacetylation of H3 could be regulated by
NPM1 and GAPDH in a nitric oxide (NO) dependent manner
involving p300 acetyltransferase. Furthermore a water
soluble HAT inhibitor, CTK7A has been shown to inhibit oral
tumor cell growth in nude mice.

[0069] Experimental Procedures
[0070] Histone Isolation from Hel.a Nuclear Pellet:
[0071] Core histones were purified from Hela nuclear pel-

let as described elsewhere?'.

[0072] Purification of Histone-Modifying Enzymes from
Baculovirus-Infected Sf21 Cells:

[0073] Recombinant baculovirus expressing full-length
FLAG-tagged CARM1,CBP and PCAF were purified by
immunoaffinity chromatography using M2-agarose beads
followed by elution with FLAG peptide. Baculovirus-ex-
pressed full-length hexahistidine-tagged p300, and G9a were
purified using Ni-NTA affinity chromatography as described
previously>°.

[0074] HAT Assay:

[0075] HAT gel fluorography/autoradiography assays were
performed as previously reported°. Kinetic analysis of p300
HAT inhibition was performed as reported earlier in the
presence of (0, 30 and 50 uM) CTK7A. The obtained values
were plotted as a lineweaver burk plot using Graphpad Prism
software. For p300 Autoacetylation assay, reactions of p300
full length (80 ng) were carried out in HAT assay buffer at 30°
C. for 10 minutes with or without the protein (NPM1) fol-
lowed by addition of 1 ul of 4.7 Ci/mmol [*H] acetyl CoA
(NEN-PerkinElmer) and were further incubated for another
10 min in a 30 pl reaction. GAPDH was used as positive
control. The radio-labeled acetylated p300 were processed by
fluorography followed by autoradiography.
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[0076] Histone Deacetylase Assay (HDAC Assay) and His-
tone Methyltransferase (HMTase) Assay:

[0077] The deacetylation assay was performed as per stan-
dard protocol®'. For SirT2 deacetylase assay, 50 ng of bacte-
rially expressed, recombinant enzyme was added in the pres-
ence or absence of cofactor NAD". HMTase was performed
as reported earlier™!.

[0078] Cell Culture and Whole Cell Extract Preparation:
[0079] KB cells were maintained in Dullbecco’s modified
Eagle medium (DMEM) with 10% fetal bovine serum (FBS)
at37° C. with a 5% CO2 atmosphere in a humidified incuba-
tor. For IFNy and GSNO treatment, KB cells were incubated
in the presence of IFNy 10 ng m1~" for an additional 16 h and
24 h respectively. Immunofluorescent staining of cells for
confocal microscopy was carried out as described previ-
ously®’. CTK7A treatment was done for 24 h followed by
acid extraction of histone and immunoblotting as per standard
protocol®'. For whole cell extract preparation RIPA buffer
(Tris-HC1 50 mM, pH 7.4 NP-40 1%, Na-deoxycholate
0.25%, NaCl 150 mM, EDTA 1 mM, Phenylmethylsulfonyl
fluoride (PMSF), 1 mM Na,VO,, 1 mM NaF and protease
inhibitor cocktail) was used.

[0080] Immunoprecipitation Assay:

[0081] Whole cell extract were prepared using RIPA buffer
as mentioned above. The pre-blocked protein-G sepharose-
bound antibody (4 pg) was incubated with 500 pg whole cell
lysate overnight at 4° C. After extensive washes, bead-bound
protein were analysed by western blotting with indicated
antibodies. For HDAC inhibitors treatment, 5 mM sodium
butyrate, 5 mM nicotiamide and 100 ng m1~" TSA were added
10 h before cells were harvest*®.

[0082] Chromatin Immmunoprecipitation Assay (ChIP):
[0083] The pull-downs for ChIP assay was performed
using anti-acetylated H3 (H3AcK9AcK14) (Santa Cruz) anti-
body. KB cells were maintained in DMEM supplemented
with 10% FBS were treated with CTK7A and cells were
grown for 24 hrs. For ChIP assay cells were processed as
described elsewhere*”. The pulldown was done using anti-
body against the above antibody and the immunoprecipitated
samples were deproteinized and ethanol-precipitated to
recover the DNA. Real-time PCR analysis was performed
using primers for the cyclin E promoter region. PCR primers
for the cyclin E promoter region were

5' -GGCGGGACGGGCTCTGGG-3"'
and

5' -CCTCGGCATGATGGGGCTG-3 "' .

[0084] Immunohistochemistry:

[0085] After deparafinizing, slides were rinsed in ethanol.
Antigen retrieval was performed with sodium citrate (10 mM
pH 6.0) for 5 min at 98° C. The staining was performed with
the Envision kit (Dako, Denmark). Counterstaining was per-
formed with Mayer’s haematoxylin, and mounted in DPX and
air dried. Each of the sample specimens was pathologically
confirmed before carrying out the immunohistochemistry.
For statistical analysis, cells (100 cells from a total of 5-6
independent fields) were counted from both normal and
tumor tissue sections and scored for percentage of positive
cells (brown colour) for the indicated antibodies. For com-
parison one-way ANOVA was performed using “Sigmaplot
Software”. P-value<0.01 was considered as statistically sig-
nificant, n=31.
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[0086] Xenograft Growth Assay:

[0087] Animal experiments were performed with the
approval by authorized ethics Committee. Sixteen nude mice
(BALB/c) were included in the experiments (10 male and 6
female mice). Mice were kept in isolators in a pathogen free
environment. All nude mice were 3-4 weeks old at the start of
the experiments. KB cells, 2x10° cells were inoculated in
each mice in the right and left flanks, respectively. Mice were
then divided in two groups (5 males and 3 females) in each
group. After the tumors grown to palpable in size, CTK7A
treatment were given intraperitoneally (i.p) with 100 mg/kg
body weight/twice a day. Tumors were measured once in
three days with a caliper and their volumes were calculated by
the formula: 0.52xD1x(D2)? where ‘D1’ and ‘D2’ are,
respectively, the longest and shortest dimension. The last
dose of the compound (CTK7A) was administered four hour
before sacrificing it. Tumors were removed and put into liquid
nitrogen or were fixed in 10% formalin for 1-2 h to make
blocks to be used for IHC. For comparing tumor sizes
between treated and control one-way ANOVA was performed
using “Sigmaplot Software”. P-value<0.05 was considered as
statistically significant.

[0088] Fluorescent Activated Cell Sorting (FACS):

[0089] KB cells were grown in the presence or absence of
CTK7A for 24 h with the indicated concentration. Cells were
grown in presence of CTK7A for 2 h in absence of serum
followed by addition of 10% Serum. Briefly cells were har-
vested by mild trypsinization (0.25%) followed by centrifu-
gation at 2000 rpm for 10 minutes at 4° C. Cells were washed
with cold PBS by centrifugation at 2000 rpm for 10 minutes
at 4° C. Cells were fixed in cold 70% Ethanol which was
added drop wise along with mild vortexing.

[0090] Samples were left for 12 hrs, after which Ethanol
was removed followed by two washes in cold PBS. RNase
(100 pg/ml) treatment was subsequently given at 37° C./30
minutes to ensure only DNA staining. 50 pg/ml Propidium
Iodide was added for staining. Cells were sorted and analyzed
by flow cytometry for the cell cycle distribution using inbuilt
software of BD FACScalibur instrument. Analysis was done
in FL2 channel.

[0091] In Vitro Wound-Healing Assay:

[0092] Cells in medium containing 10% FBS were seeded
in 30 mm dishes. After the cells grew to confluence, wounds
of constant diameter were made by sterile plastic pipette tip
(200-ul) by scratching the monolayers. Cells were washed
with the serum free medium twice and refreshed with
medium with or without 10% FBS. Cells were treated with or
without the HAT inhibitor for 24 h along with 10% serum.
The wound photographs were taken under phase-contrast
microscope. Serum positive and negative cells act as positive
and negative control for the experiments respectively.

[0093] Senescence-Associated -Gal (SA-B-Gal) Activity
Analysis:
[0094] SA-B-gal activity was analyzed in KB cells as

described earlier*”.

[0095] [*H]|Thymidine Incorporation Assay:

[0096] Cells were grown in 24-well plate and were treated
with the compound for 16 h followed by addition of 1 micro
curie [*°H] thymidine (NEN, Perkin Elmer). Cells were fur-
ther grown for an additional period of 8 h. Following this
media was aspirated and cells were washed with 1 mlice cold
PBS. Cells were lysed by repeated freeze thawing (2 times).
DNA was isolated using cell harvester and scintillation count-
ing was done using liquid scintillation counter.



US 2012/0165384 Al

[0097] General Procedure for the Synthesis of CTK7A:
[0098] The Procedure Involves the Following Two Steps:

A. Preparation of Hydrazinobenzoylcurcumin
(CTK7):(Insoluble in Water)

[0099] To asolution of curcumin in methanol (10 mg, 0.027
Mmol) 4-hydrazinobenzoic of acetic acid (2 ml) was added.
After incubation for 24 h, the solvent was evaporated in
vacuum. The residue acid (20 mg, 0.135 mmol), triethy-
lamine (18.8 pl, 0.135 mmol), and catalytic amount was
purified with repeated recrystallization and filtration method
using TLC (CHCl;/MeOH=4:1; R ~0.5). This gave CTK?7 as
a dark orange powder (7.18 mg, 55%) which was analyzed by
H' NMR, Melting point test, Solubility test and ESI-MS.

B. Preparation of Sodium 4-(3,5-bis(3-methoxy-5-
oxidostyryl)-4,5dihydro-1H-pyrazole-1-yl)benzoate
(CTK7A):(Soluble in Water)

[0100] To a solution of CTK?7 in methanol (50 mg, 0.1031
mmol), (10 ml) of Sodium ethoxide was added (57 mg,
0.1175 mmol) and the reaction mixture was stirred at room
temperature for 90 minutes. The solvent was evaporated in
vacuum and the residue was washed with hexane, diethyl
ether and ethyl acetate. Product was confirmed through H*
NMR, Solubility test, melting point.

[0101] The present disclosure is further elaborated with the
help of following examples and accompanying figures. How-
ever, these examples should not be construed to limit the
scope of the disclosure.

EXAMPLE 1

Hyperacetylation of Histone at H3K14 is Linked to
the Overexpression of NPM1 and GAPDH in Oral
Cancer

[0102] To investigate the status of histone acetylation in
different cancers, initially histones were isolated from differ-
ent cell lines and subjected to immunoblotting analyses with
anti-acetylated histone H3 (anti-H3AcK9AcK14) antibodies.
It was observed that histones are predominatly hyperacety-
lated in oral (KB) and the liver (HepG2) cancer cell lines
(FIG. 1). Histones were isolated from different cell lines cells
as indicated and histone acetylation was analysed by western
blotting with anti-acetylated H3 (anti-H3AcK9AcK14) anti-
body. Anti-H3 was used as a loading control. Although hyper-
acetylation of histones in hepatocarcinoma has been recently
reported®®, for oral cancer cell line: almost equivalent
enhanced acetylation of histone H3 was quite interesting.
These results led us to find out the acetylation levels of histone
H3 in the tissues from oral cancer patient samples. By
employing, immunohistochemistry (IHC) (FIG. 2a) and
western blotting (FIG. 2b) analyses using specific antibodies
(anti-H3AcK 14 and anti-H3AcK9), it was found that histone
(predominantly H3K 14) are hyperacetylated in the cancerous
tissues in comparison to normal tissue (FIG. 2a).

[0103] As H3K14 is the predominant in vivo target of p300
mediated acetylation, the expression levels of p300 was
investigated. It was found that p300 significantly overex-
pressed in the malignant tumor part as compared to the adja-
cent normal tissue (FIG. 24). Since, autoacetylation of p300
enhances its acetyltransferase activity>®, the autoacetylation
status of p300 was also verified, using a polyclonal antibody,
which specifically recognize the acetylated-p300 (ac-p300)
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molecules®®. Interestingly, p300 was found to be hyperacety-
lated in oral cancer samples (FIG. 2a). These results suggest
that highly active acetylated-p300 could be involved in the
histone hyperacetylation at H3K 14 in malignant oral tumor.
[0104] Autoacetylation of p300 could be enhanced by sev-
eral factors>%*% and some of which overexpress in different
cancers. In this context, it was found that in the oral tumor
tissues, a significant increase in the GAPDH and NPM1 pro-
tein levels as compared to corresponding normal tissue in
each case (patient samples) (FIG. 2a). Subsequently, six dif-
ferent pairs of tissue samples were taken (tumor and corre-
sponding adjacent normal tissue) and the levels of protein
overexpression were determined by western blotting analy-
sis. It was observed that in all the six pairs of tissue samples
histones H3 were hyperacetylated as probed by anti-
H3AcK9AcK14 acetylation specific antibody (FIG. 2b).
Both GAPDH and NPM1 were found to be overexpressed in
all tumor tissue samples (FIG. 24). It was noticed that H3
hyperacetylation follows the same pattern of NPM1 and
GAPDH overexpression in all the cancerous tissue samples
analyzed. Taken together, these data suggest that overexpres-
sion of GAPDH and NPM1 are positively correlated to his-
tone hyperacetylation in oral cancer. An interesting question
raised at this juncture is the possibility of this being related to
the autoacetylation of p300.

EXAMPLE 2

NO Induced H3K 14 Acetylation is Associated with
NPM1 and GAPDH Overexpression Via p300
Autoacetylation

[0105] The free radical gas, NO, is generated by nitric oxide
synthase (NOS) family of enzymes. NO is a plieotropic sig-
naling molecule that has been identified as mediator for
numerous physiological and pathophysiological condi-
tions*!. Since increased production of NO was noticed in oral
cancer with a simultaneous upregulation of inflammatory
(predominantly NFk-B responsive) genes*>**, it was hypoth-
esized that NO signaling could be associated with autoacety-
lation of p300, overexpression of GAPDH and NPM1 and
hyperacetylation of histones. It was observed that indeed the
iNOS levels are significantly enhanced in tumor tissue
samples (FIG. 3a). COX2 levels were also found to be higher
in these tumor tissue samples (FIG. 2a). Recent report sug-
gest that NO dependent and nuclear localized GAPDH
enhance p300 autoacetylation and thereby its catalytic activ-
ity®”. It was found that GAPDH is predominantly localized in
the nucleus of oral cancer patient samples (FIG. 2a, as indi-
cated by arrow). Further, it was observed that when the KB
cells were treated with the NO donor, S-nitroso-glutathione
(GSNO), the expression of both NPM1 and GAPDH
enhanced in a concentration dependent manner (FIG. 354). In
agreement with the previous report®’, it was also found that
GAPDH gets acetylated in a NO dependent manner (FIG. 3¢).
These results led us to determine the role of NO on NPM1
acetylation. Interestingly, following GSNO treatment it was
detected that the acetylation of NPMI1 is dramatically
enhanced in KB cells (FIG. 3c¢).

[0106] In order to get an insight into the signaling path-
ways, the affect of IFNy on GAPDH and NPM1 acetylation in
KB cells was investigated, as it is known to activate iNOS
gene expression to produce NO*. It was found that IFNy
efficiently, enhanced the GAPDH and NPM1 acetylation in
NO-dependent manner in KB cells (FIG. 3d), which was
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abolished or reduced by the treatment with a specific INOS
inhibitor, N-(3-(Aminomethyl)benzyl)acetamidine (1400
W). Furthermore, it was found that IFNy treatment could
induce the translocation of the cytosolic protein, GAPDH to
nucleus (FIG. 3e). Taken together, these results suggest the
involvement of NO-signaling in the overexpression of NPM 1
and GAPDH and their acetylation in KB cells, which signifi-
cantly correlates with the observation that in oral cancer
tissue samples NPM1, GAPDH and iNOS are overexpressed
(as mentioned above).

[0107] In the tumor tissue, histone H3K 14 was also found
to be hyperacetylated (FIG. 2a). These observations
prompted us to investigate the role of NPM1 on the activation
of p300 (autoacetylation). Autoacetylation reaction of p300
was performed in the presence of NPM1 and *H-acetyl-CoA.
NPM1 was found to activate the autoacetylation of p300 in a
dose dependent manner (FIG. 30. GAPDH was used as a
positive control as suggested earlier’”. Since, NO signaling
induced the p300-autoacetylation, the role of NO on H3K14
acetylation in KB cells was investigated next. GSNO treat-
ment of KB cells enhanced the level of H3K 14 acetylation in
concentration dependent manner (FIG. 3g), which was simi-
lar to the concomitant increase in NPM1 and GAPDH levels
as shown above (FIG. 3b). Taken together, these data suggest
that hyperacetylation of histones in oral cancer could be
achieved by overexpressed and autoacetylated-p300, ina NO
dependent manner.

EXAMPLE 3
CTK7A is a HAT Inhibitor

[0108] The above mentioned results clearly demonstrate
that hyper-activity of lysine acetyltransferase p300, could be
one of the factors, responsible for oral cancer manifestation.
Therefore, the inhibitor of p300 HAT activity would be useful
to verify the possible involvement of the acetyltransferase(s).
Using curcumin as synthon, a water soluble derivative,
CTK7A was synthesized for this purpose (FIG. 4a). CTK7A
was found to inhibit HAT p300/CBP and PCAF but the activ-
ity of other histone modifying enzymes like G9a, CARM1,
Tip60, HDACI and SIRT?2 were remained unaffected even at
100 uM concentration (FIG. 45). Further kinetic analysis
revealed that CTK7A follows non-competitive type of inhi-
bition pattern for both the substrate, acetyl-coA and core
histone when tested for p300 (FIG. 4¢). However, as
expected, CTK7A could efficiently, inhibit the autoacetyla-
tion of p300 (FIG. 4d) and PCAF (FIG. 4e) in vitro, in a
concentration dependent manner. Furthermore, CTK7A
could also inhibit the enhanced autoacetylation of p300,
mediated by cocktail of HDAC inhibitors (FIG. 4f). To eluci-
date the effect of CTK7A on the inhibition of histone acety-
lation in cellular system, KB cells were treated with CTK7A
and as expected it could potently inhibit the histone acetyla-
tion in KB cells, as potently as the parent compound cur-
cumin®! (FIG. 4g). Taken together, these results suggest that
the water soluble HAT inhibitor, CTK7A inhibit histone
acetylation in the cellular system, through the inhibition of
p300 autoacetylation.

EXAMPLE 4

CTK7A Inhibits Cell Proliferation and Induces
Senescence Like Growth Arrest

[0109] Since p300/CBP is a master regulator and is
involved in the regulation of cell cycle progression prolifera-
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tion, differentiation and in maintaining tissue homeostasis*’,
the growth inhibitory properties of CTK7A in cells were
looked into next. KB cells were treated with CTK7A and
assayed for the growth inhibitory properties. CTK7A caused
a dose dependent inhibition of proliferation of KB cell as
assayed by thymidine-incorporation assay (FIG. 5a). Doxo-
rubicin was used as a positive control (FIG. 5a). Antiprolif-
erative activity of CTK7A was further assessed by wound
healing assay. It was observed that CTK7A treated cells
showed a reduction in the wound healing activity, in the
presence of serum (FIG. 5b). Cells with or without serum
were used as positive and negative controls, respectively
(FIG. 5b). These results suggest the antiproliferative role of
CTK7A in KB cells. Based on the above results, the effect of
CTK7A on cell cycle of KB cells was also determined. KB
cells were treated with the increased concentration of CTK7A
(FIG. 5¢) which caused a dramatic increase in the percentage
ofpolyploid cells (>4N) in a concentration dependent manner
(FIG. 5¢).

[0110] Induction of polyploidy is often associated with
senescence which is known to be associated with antitumor
process*®. It was found that CTK7A treated cells induced the
expression of senescence associated beta-galactosidase (SA-
[-gal) which is a marker for senescence (FIG. 5d). This is
consistent to the earlier report where the role of p300 in
regulating proliferation and senescence of human melano-
cytes were shown using the p300 specific HAT1, lysyl-CoA (a
substrate analog of acetyl-CoA). Lysyl-CoA inhibited the
proliferation and induced senescence-like growth arrest with
expression SA-B-gal?’.

[0111] Cyclin E is a critical regulator of senescence
because under overexpression condition it is sufficient to
escape from BRG1 and RAS-induced senescence®®*?. Given
that p300/CBP regulate expression of many cell cycle genes,
next the effect of CTK7A on the expression of cyclin E was
determined. It was observed that CTK7A down regulated
cyclin E expression in a dose dependent manner in KB cells
whereas cyclin D1 was affected marginally (FIG. 5¢). Earlier
work suggests that cyclin E promoter in human tumor cells
and in mouse embryonic fibroblast is regulated by reversible
acetylation and deacetylation cycles*°->2. Hence, to address
the effect of CTK7A on acetylation status at the cyclin E
promoter, chromatin immunoprecipitation (ChIP) assays
were performed. ChIP assays clearly demonstrated that
CTKT7A inhibited the acetylation of H3 at the cyclin E pro-
moter (FIG. 5f). Taken together, these results indicate that
cyclin E down regulation could be a direct cause of p300 HAT
inhibitory activity of CTK7A which would be responsible for
the senescence-like growth arrest.

EXAMPLE 5
CTK7A Inhibits Tumor Growth

[0112] The in vitro and cell line based studies prompted us
to study the role of CTK7A in xenograft mice. It was found
that CTK7A is not toxic to the mice after intraperitoneal (i.p)
administration. There was no observed weight loss at doses
up to 100 mg/kg body weight/twice a day during 1 month. In
order to test the effect of CTK7A on tumor growth, KB cells
(2x10° cells) were inoculated in nude mice in the right and left
flanks, respectively and treated them intraperitoneally with
100 mg/kg body weight/twice a day (for detail see Materials
and Methods). CTK7A showed a strong antitumor activity
(FIG. 6a). KB cell tumors were 50% smaller in mice treated



US 2012/0165384 Al

with CTK7A than in control untreated mice. The differences
in the tumor size between xenografts (Control vs treated) was
statistically significant (p<0.05). The levels of H3 acetylation
and that of other proteins (e.g. NPM1, GAPDH, p300) were
determined using IHC. CTK7A treated mice tumors showed
marginal affect on p300 expression (FIG. 65). It was observed
that CTK7A decreased the levels of H3K9, K14 acetylation
(as probed by H3AcK9AcK14) and ac-p300 (FIG. 65 and
FIG. 6c¢). Further to see the site specific effect of CTK7A
mediated HAT inhibition on histone acetylation, IHC was
done with site specific antibodies. It was found that CTK7A
inhibited the H3K 14 acetylation more potently than H3K9
acetylation (FIG. 65), suggesting that CTK7A mediates inhi-
bition of histone acetylation mainly via inhibition of p300
autoacetylation in mice cancer tissue which could lead to
tumor growth inhibition. These data are also consistent with
the antiproliferative effect of CTK7A on KB cells (FIG. 5a).
Further, the levels of GAPDH, NPM1 and iNOS were also
found to be down regulated in CTK7A treated mice which
could be because of antiproliferative affect of CTK7A on
mice tumors (FIG. 65). Moreover, the levels of COX2, which
is induced in many cell types by mitogens, growth factors,
cytokine and tumor promoters and has been implicated in
many cancers, including oral cancer was also found to be
suppressed in CTK7A treated tumors (FIG. 65). The down
regulation of the proliferation marker was also observed;
Ki-67 in CTK7A treated tumors (FIG. 6¢) which support the
antiproliferative nature of HATi, CTK7A. It should be noted
here that in the control mice, the presence of nuclear GAPDH
was observed while nuclear GAPDH was absent or very
faintly present in the CTK7A treated mice (FIG. 65). These
results suggest that CTK7A inhibited the tumor growth in
nude mice though its ability to inhibit p300-mediated acety-
lation.

[0113] Although reversible acetylation of histone and non-
histone proteins is one of the most well studied epigenetic
marks, the regulation of enzymatic machinery involved in
these phenomenons has only recently gained attention. Dys-
function of HDACs and the consequent hypoacetylation of
histone as well as nonhistone proteins have been causally
related to cancer manifestation for a few cases®. Reports
regarding dysfunction of HATs and cancer are rather scanty.
Here, it is shown that in oral squamous cell carcinoma
(OSCQ), histone H3 (predominantly at K14) is hyperacety-
lated in grade II oral tumors. Associated overexpression and
hyperacetylation of histone acetyltransferase p300 suggest
that autoacetylation of p300 could be one of the key factors
responsible for the histone hyperacetylation. It was found that
the histone chaperone NPM1, which is also overexpressed in
the oral tumors induce the autoacetylation of p300, presum-
ably through its protein chaperone activity>*. These results
attribute a new function of the multifunctional nucleolar pro-
tein, NPM1. Furthermore, these studies also establishes an
epigenetic signal, IFNy dependent NO synthesis which could
be acting as a basic stimuli for the NPM1 and GAPDH medi-
ated enhanced autoacetylation of p300 and thereby the down
stream effect.

[0114] The correlation of histone modifications (especially
acetylation) and cancer manifestation is not yet well under-
stood. Since cancer is a diverse disease with multiple origins,
it does not follow unified cellular rules. However, in case of
prostate cancer, it has been shown that acetylation of H3K9,
K18, H4K12, and dimethylation of H4R3 are associated with
the tumor recurrence’. However, the histone modifying
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enzymes involved in these altered modifications are not yet
known. In other words, the molecular mechanisms behind the
altered acetylation and methylation are yet to be elucidated.
Histones were found to be hyperacetylated in hepatocarci-
noma at H3K9 and H4K8>*, Significantly, in this case also the
enzymatic machinery involved in the hyperacetylation was
not studied in detail. Recently, increased acetylation of
H3K56, a target of CBP/p300 was observed in multiple can-
cers®. It was also demonstrated that the hyperacetylation of
histone, histone chaperone (NPM1) and the metabolic pro-
tein, GAPDH is caused by the hyperactive, autoacetylated
p300. The unique positive loop involved in this process of
hyperacetylation could be a common mechanism in cancer
manifestation.

[0115] Oral cancer is an inflammation related disease
which can lead to NO production that can have an impact on
initiation and progression stages of cancer™. The present
disclosure provide a link between NO production and over-
expression of cell proliferative marker genes like NPM1 and
GAPDH. These observations is consistent with the report
where enhanced iNOS activity has been detected in human
tumor cell lines>>*® and in patient tumor samples of various
histogenetic origins™. NOS activity has also found to be
associated with tumorogenesis, proliferation and expression
of important signaling components linked to cancer develop-
ment**. It is known that interferon y (IFNY), a proinflamatory
cytokine activate iNOS to produce NO®”. It was found that
indeed IFNy treatment to the oral cancer cell line (KB cells)
induce the NO production, inhibition of which (IFNy)
represses acetylation of NPM1 and GAPDH. The results of
the present disclosure show that the IFNy treatment could
enhance the nuclear translocation of GAPDH. Although simi-
lar nuclear localization of GAPDH has been reported in other
case also> 7>, the molecular mechanisms of induced nuclear
translocation of GAPDH in KB cells remain elusive. Over-
expressed NPM1 and GAPDH (nuclear) enhanced the
autoacetylation of p300 which in turn induce histone hyper-
acetylation. The hyperacetylated histones and NPM1 favor
the expression of genes responsible for the oral cancer pro-
gression (FIG. 7). NPM1 and GAPDH induced autoacetyla-
tion of p300 can also be used to form more dynamic transcrip-
tional pre-initiation complex formation® which result in
more efficient transcription. The histone chaperone activity of
NPM1 may also be used for transcriptional activation as
reported earlier®. Cancer cells have higher energy require-
ment and increased ribosome biosynthesis. Increased levels
of NPM1 can also help in the ribosome biogenesis in oral
cancer.

[0116] Taken together, data of the present disclosure sug-
gest that the acetyltranferase activity of p300 could be one of
the factors responsible for the oral cancer. Therefore, the HAT
activity could serve as a target for the new generation thera-
peutics'>*°, Here, it was shown that indeed the p300/CBP
HAT inhibitor, CTK7A, a water soluble, small molecule com-
pound, derived from curcumin could efficiently inhibit the
oral tumor growth in nude mice. The results of the instant
disclosure show that induction of polyploidy by the HAT
inhibitor (CTK7A) in cells has antitumor activity which
induces senescence like growth arrest. Induction of senes-
cence is known to contribute to the treatment of chemo-
therapy, ionization radiation and is also shown to contribute to
the antitumor efficacy of HDAC inhibitors®!.

[0117] Current observations establish the casual relation-
ship of hyperacetylation and oral cancer manifestation. Most
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significantly it elucidates the mechanisms of hyperacetyla-
tion and identifies a new candidate protein, NPM1 as a regu-
lator of the master acetyltransferase, p300. With the recent
discoveries of several new HAT inhibitors it is being realized
that these molecules could be highly useful as therapeutic
targets'>>°. In oral cancer p300 aceyltransferase activity
could be one of the important targets for such molecules, as it
was demonstrated by employing CTK7A. However, the com-
plete epigenetic language, which derives OSCC, remains elu-
sive. Small molecule modulators of HATs and HMTases (his-
tone methyltranferases; specially arginine MTase) could be
useful to elucidate this epigenetic alteration further and in
designing therapeutics.
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We claim

1) A method of inhibiting histone acetyltransferase (HAT)
by Sodium 4-(3,5-bis(3-methoxy-5-oxidostyryl)-4,5dihy-
dro-1H-pyrazole-1-yl)benzoate (CTK7A), said method com-
prising step of incubating the HAT with CTK7A.

2) The method as claimed in claim 1, wherein the HAT is
selected from a group comprising p300/CBP (CREB binding
protein) and PCAF (P300/CBP Associated factor) or a com-
bination thereof.

3) The method as claimed in claim 1, wherein HAT inhibi-
tory concentration of the CTK7A ranges from about 25 uM to
about 200 puM, preferably about 40 pM to about 80 uM.

4) A method for identifying hyperacetylation of histone in
oral squamous cell carcinoma, said method comprising steps
of:

a. isolating histone from KB cells and subjecting the his-
tone to immunohistochemistry analysis with anti-acety-
lated H3 antibody, and

b. performing western blotting to identify hyperacetylation
of histone in oral squamous cell carcinoma.

5) The method as claimed in claim 4, wherein the anti-
acetylated H3 antibody is selected from a group comprising
anti-H3AcK14 antibody and anti-H3AcK9 antibody.

6) A method of treating cancer, said method comprising
step of administering therapeutically acceptable amount of
CTK7A, optionally along with pharmaceutically acceptable
excipients to a subject in need thereof.

7) The method as claimed in claim 6, wherein the CTK7A
inhibits acetyltransferase activity of HAT's and thereby inhib-
its hyperacetylation of histones.

8) The method as claimed in claim 6, wherein the route of
administration is intraperitonial.

9) The method as claimed in claim 6, wherein the CTK7A
reduces tumor size of the cancer by about 50%.

10) The method as claimed in claim 6, wherein the CTK7A
induces polyploidy in cancer cells to induce senescence like
growth arrest.

11) The method as claimed in claim 6, wherein the cancer
is oral squamous cell carcinoma.

12) The method as claimed in claim 6, wherein the CTK7A
is further administered along with an epigenetic drug target
molecule or pharmaceutically acceptable chemotherapeutic
or a combination thereof.
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13) A method for identifying induction of autoacetylation
ofp300 by Nucleophosmin (NPM1), said method comprising
steps of:

a. incubating full length radio-labeled p300 in HAT assay
buffer in presence of NPM1, followed by addition of
[*H] acetyl CoA, and

b. identifying autoacetylation of p300 by fluorography and
autoradiography.

14) The method as claimed in claim 13, wherein the induc-
tion of autoacetylation of p300 by NPM1 is stimulated by
IFNy dependent NO synthesis.

15) A method of inhibiting autoacetylation of p300 by
Sodium  4-(3,5-bis(3-methoxy-5-oxidostyryl)-4,5dihydro-
1H-pyrazole-1-yl)benzoate (CTK7A), said method compris-
ing steps of:

a. reacting and incubating full length radio-labeled p300
with predetermined concentrations of CTK7A, option-
ally along with cocktail of HDAC inhibitors, and

b. performing filter binding assay and identifying inhibi-
tion of autoacetylation of p300 by fluorography and
autoradiography.

16) A method of identifying induction of NPM1 and
GAPDH overexpression by Nitric Oxide (NO) resulting in
hyperacetylation of histone, said method comprising steps of:

a. treating KB cells with S-nitroso-glutathione (GSNO) for
about 24 hrs, followed by lysing of the cells to obtain cell
lysates,

b. immunoprecipitating the cell lysates with anti-acetyl
lysine antibody and analyzing the immunoprecipitate by
western blotting with an anti-NPM1 and anti-GAPDH
antibodies, and

c. simultaneously subjecting histones from the treated cells
to western blotting with anti-acetylated H3K14 anti-
body, for identification of the NO induced overexpres-
sion of NPM1 and GAPDH resulting in hyperacetyla-
tion of histone.

17) The method as claimed in claim 16, wherein the NO
synthesis is controlled by IFNy, and wherein NO induced
overexpression of the NPM1 induces autoacetylation of p300
and thereby stimulates hyperacetylation of the histone.

18) The method as claimed in 16, wherein the GSNO is an
active donor of Nitric Oxide for the induction of overexpres-
sion of NPM1 and GAPDH.
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